2017) Providing foraging resources for solitary bees on farmland: current schemes for pollinators benefit a limited suite of species.
Abstract 29 30 1. Changes in agricultural practice across Europe and North America have been associated with range 31 contractions and a decline in the abundance of wild bees. Concerns at these declines has led to the 32 development of flower-rich agri-environment schemes as a way to enhance bee diversity and abundance.
33
Whilst the effect of these schemes on bumblebee species (Bombus spp.) has been well studied, their impact 34 on the wider bee community is poorly understood. 61 Goulson et al. 2015) . This is of concern as pollinating insects, of which bees are the dominant group, provide a 62 highly valuable pollination service to both crops and wild plants (Ollerton et al. 2011; Garibaldi et al. 2013 ).
63
With the demand for increased agricultural yields growing across the world, potential pollination deficits have 64 increased the pressure to develop effective management techniques to conserve and maintain bee 65 populations on agricultural land.
67
There is an increasing consensus behind the idea that food resources are the most important limiting factor for 68 bee populations on farmland (Roulston and Goodell 2011), and that loss of flowering resources resulting from 69 agricultural intensification is the major cause behind the declines in bee populations seen in the 20 th century 70 (Carvalheiro et al. 2013 
79
has shown that these sown resources are attractive to a wide variety of common and threatened bumblebees 80 (Carvell et al. 2006; Carvell et al. 2007) , and that when present in sufficient quantities they can significantly 81 increase the population size of common bumblebee species (Wood et al. 2015a). However, much less work has 82 been carried out on the impact of agri-environment schemes on the wider bee community.
84
In temperate areas such as Britain bumblebees make up only a small part of the overall bee community, 85 representing around 10% of the total species list (25 out of c. 250 species), and in the larger continental faunas of Europe and North America they represent an even smaller proportion. The wider bee community consists of 87 predominantly solitary species (and their associated kleptoparasites) that collect pollen to provision their own 88 offspring. The fauna contains a number of species within the Halictidae that show variably developed and 89 expressed eusocial behaviour (Plateaux-Quénu 2008). Whilst not technically correct, the term 'solitary bees' is 90 generally used as an all-encompassing term to include the eusocial species of the Halictidae with all non-91 parasitic, non-corbiculate (non-Apis and non-Bombus) bees found in temperate regions, with this synthetic 92 group the focus of this study.
94
In order to assess the benefit of an agri-environment scheme, field trials have often compared target areas 95 with control areas and have recorded an increase in bee species richness and abundance (e.g. Knop et al. whilst these studies show that enhanced areas provide resources for a greater variety of bee species than 101 before, it is not clear that the overall bee community has become richer as a result of the intervention, as 102 some bees that were already present in the landscape may simply have been attracted to enhanced areas.
103
Moreover, the relative contribution of pollen from sown plants to the diet of different solitary bee species is 104 poorly known, and whilst they may be attracted to sown flowers these resources may not make up a they will be utilised by a relatively greater proportion of solitary bee species. (iii) To identify solitary bee 116 species most likely to be benefiting from currently sown resources. (iv) To identify potential temporal resource 117 gaps in current agri-environment scheme design, or key wild flowering plant species not currently included in 118 seed mixes. This study will provide valuable information to scientists, governments and land managers in 119 designing more effective measures to conserve the broader wild bee community on agricultural land. 
167
Transects were walked three times through the season, between 17th-27th May, 21st June-9th July and 3rd-168 15th August. These discrete sampling blocks are henceforth referred to as 'sampling rounds'.
170
In 2015 farms were surveyed for a fixed period of time rather than using distance based transects. ELS farms 171 were surveyed for 3 hrs with 1.5 hrs spent on non-agricultural grass habitats and 1.5 hrs on woody rich schemes, 1 hr on non-agricultural grass habitats and 1 hr on woody hedgerow/woodland edge habitats.
The survey followed standard bee walk methodology as described above, but at a reduced pace to ensure 175 thorough sampling. All bees within 2 m of the recorder were identified to species level. The first flowering 176 plant species visited and the purpose of the visit, for either pollen or nectar, was recorded. Solitary bees with 177 clearly visible pollen on their body were collected, placed in individual Eppendorf tubes and frozen. The 178 collection of pollen loads from foraging bees may overestimate pollen use of more easily observable flowers.
179
Ideally, pollen would be sampled from bees as they return to their nest, but this method was not chosen for The scopal pollen load of foraging solitary bees collected in 2015 was analysed by light microscopy using the 197 method outlined by Westrich and Schmidt (1986) . Before removing pollen from the scopae, the total load was 198 estimated relative to a full load for that species, ranging from 8/8 (full load) to 1/8 (one eighth load). The 199 pollen grains were removed from the scopae using an entomological pin and transferred to a drop of water on 200 a microscope slide. Pollen that was not clearly held in the scopae was not sampled as this may have become 201 attached to other parts of the body during nectar visits to non-host plant flowers. The slide was gently heated to allow grains to absorb water and achieve their maximum size and to evaporate excess water. Molten 203 glycerine jelly stained with fuchsin was then added and the slide was sealed with a coverslip. The proportion of 204 the load comprised of different plant species was estimated along three randomly selected lines across the 205 cover slip at a magnification of x400. The proportion of the load by volume was estimated by the relative area Differences in the total number of bee and plant species and total floral abundance recorded between 233 different farm types were analysed using GLMMs with management type as a fixed factor. Sampling year was 234 included as a random factor to take account of the temporal data structure and differences in sampling 
315
Over the whole survey period, bee species richness was significantly associated with plant species richness 316 (χ 2 =33.7, p<0.001, Figure 4) . A total of 16 oligolectic bee species was recorded following Westrich (1989) , and oligolectic bee species richness was also significantly associated with plant species richness (χ 2 =10.0, p=0.002).
318
The number of species of pollen detected in pollen loads on each farm was significantly associated with the 319 number of flowering plants recorded on the transects, with this effect consistent over the survey period 320 (χ 2 =16.8, p<0.001, Figure 5 ). However, for the seven most common polylectic bee species representing the 321 bulk of the pollen load data (759 out of 1054 samples) there was no significant relationship between diet 322 breadth and observed plant species richness (χ 2 =0.7, p=0.416), suggesting that the relationship is instead 323 driven by the addition of more specialised bees to the community in floristically richer environments that 324 collect pollen from a different suite of host plants. We would like to thank all of the farmers that allowed us to use their land during the study. We would also like to thank Mike Edwards for help with bee identification and general discussion. 
